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© Common-rail fuel injection system for an engine. 

A common-rail fuel injection system for an en- 
gine includes a fuel injection device for injecting high 
pressure fuel from a common rail into the engine. A 
pumping chamber is connected to the common rail. 
A fuel feed device serves to feed fuel to the pump- 
ing chamber. A plunger moves upward and down- 
ward in accordance with rotation of an output shaft of 
the engine. The plunger defines a part of the pump- 
ing chamber. A relief valve serves to selectively 
return fuel from the pumping chamber to a low 
pressure side via a fuel return passage. The relief 
valve is urged toward its closed position by a pres- 
sure of the fuel in the pumping chamber. A valve 
closing device serves to close^he relief valve. A fuel 
pumping control device serves to drive and control 
the valve closing device at a given timing to close 
the relief valve, thereby enabling a pressure in the 
pumping chamber to increase in accordance with 
upward movement of the plunger and pumping a 
given amount of fuel from the pumping chamber to 
the common rail. An engine speed detecting device 
serves to detect a rotational speed of the output 
shaft of the engine. In cases where an engine rota- 
tional speed detected by the engine speed detecting 
means is equal to or higher than a predetermined 
reference speed, a fuel feed suspending device 
serves to suspend fuel feed to the pumping chamber 
by the fuel feed means. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a common-rail fuel 
injection system for an engine. 

Description of the Prior Art 

Common-rail fuel injection systems for diesei 
engines are disclosed in various documents such 
as Japanese published unexamined patent applica- 
tion 62-258160, Japanese published unexamined 
patent application 2-176158, European published 
patent application 0307947-A2, United States Pat- 
ent 4,777,921 , and United States Patent 4,940,034. 

The common-rail fuel injection systems include 
a high pressure tubing which forms a pressure 
accumulator referred to as "a common rail". The 
fuel injection systems of this type also include high 
pressure fuel supply pumps for feeding high pres- 
sure fuel to the common rail, and solenoid valves 
for selectively allowing the high pressure fuel to 
flow from the common rail through injectors into 
engine cylinders. 

The high pressure fuel supply pumps in the 
common-rail fuel injection system include pumping 
chambers, and movable plungers partially defining 
the pumping chambers respectively. The plungers 
are driven by the diesei engine through a suitable 
mechanism. The drive of the plungers pressurizes 
fuel in the pumping chambers, forcing the fuel from 
the pumping chambers into the common rail. In 
general, spill or relief solenoid valves are con- 
nected to the pumping chambers respectively. 
Closing and opening the relief solenoid valves en- 
ables and disables pumping the fuel from the 
pumping chambers into the common rail. Thus, the 
rate of fuel supply to the common rail is adjusted 
by controlling the relief solenoid valves. 

The relief solenoid valves are of the normally- 
open type. The valve members of the relief sole- 
noid valves are designed so that they will be urged 
by the pressure in the pumping chambers toward 
their closed positions. When a high pressure pump 
plunger is required to drive the fuel into the com- 
mon rail, the related relief solenoid valve is en- 
ergized to move its valve member to a closed 
position so that the fuel supply from the pumping 
chamber to the common rail is enabled. Then, the 
valve member is held in the closed position by a 
resulting high pressure in the pumping chamber, 
and the relief solenoid valve can be de-energized 
to save electric power. The rate of fuel supply to 
the common rail is adjusted by controlling the 
timing of energizing the relief solenoid valve, that 
is, the timing of closing the relief solenoid valve. 
Prior art common-rail fuel injection systems 



have the following problems. Under overrunning 
conditions where the crankshaft of an engine 
rotates at a high speed and the fuel supply to a 
common rail is required to be inhibited, since the 

5 mean speed of movement of plungers in high pres- 
sure fuel suppjy pumps is high, the inertia of fluid 
in pumping chambers is great and thus relief sole- 
noid valves tend to be closed by the fluid inertia 
even in the absence of relief solenoid valve en- 

io ergizing signals. Closing the relief solenoid valves 
results in unwanted fuel supply to the common rail. 
Such unwanted fuel supply to the common rail 
tends to cause an excessively high pressure in the 
common rail and a damage to the common rail. 

75 

SUMMARY OF THE INVENTION 

It is" an object of this invention to provide an 
improved common-rail fuel injection system for an 
20 engine. 

A first aspect of this invention provides a 
common-rail fuel injection system for an engine 
which comprises fuel injection means for injecting 
high pressure fuel from a common rail into the 
25 engine; a pumping chamber connected to the com- 
mon rail; fuel feed means for feeding fuel to the 
pumping chamber; a plunger moving upward and 
downward in accordance with rotation of an output 
shaft of the engine and defining a part of the 
30 pumping chamber; a relief valve for selectively 
returning fuel from the pumping chamber to a low 
pressure side via a fuel return passage, the relief 
valve being urged toward its closed position by a 
pressure of the fuel in the pumping chamber; valve 
35 closing means for closing the relief valve; fuel 
pumping control means for driving and controlling 
the valve closing means at a given timing to close 
the relief valve, thereby for enabling a pressure in 
the pumping chamber to increase in accordance 
40 with upward movement of the plunger, and for 
pumping a given amount of fuel from the pumping 
chamber to the common rail; engine speed detect- 
ing means for detecting a rotational speed of the 
output shaft of the engine; and fuel feed suspend- 
45 lag means for, in cases where an engine rotational 
speed detected by the engine speed detecting 
means is equal to or higher than a predetermined 
reference speed, suspending fuel feed to the 
pumping chamber by the fuel feed means. 
so A second aspect of this invention provides a 

common-rail fuel injection system for an engine 
which comprises a common rail; means for inject- 
ing fuel into the engine from the common rail; 
means for pumping fuel into the common rail; 
55 means for feeding fuel to the pumping means; 
means for detecting a rotational speed of the en- 
gine; means for comparing the detected rotational 
speed of the engine with a predetermined refer- 
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ence speed; and means for disabling the feeding 
means in response to a result of said comparing by 
the comparing means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram of a common-rail fuel » 
injection system according to an embodiment of 
this invention. 

Fig. 2 is a sectional view of a variable dis- 
charge high pressure pump in Fig. 1. 

Fig. 3 is a diagram of variable discharge high 
pressure pumps in Fig. 1. 

Fig. 4 is a time-domain diagram showing the 
waveforms of signals and a current, the changes in 
the state of a solenoid valve, and the variations in 
the lift of a plunger in respect of a variable dis- 
charge h+gh pressure pump in Fig. 1 . 

Fig. 5 is a flowchart of a main routine of a 
program for controlling the ECU in Fig. 1 . 

Fig. 6 is a diagram showing a map for calculat- 
ing a target fuel injection quantity. 

Fig. 7 is a diagram showing a map for calculat- 
ing a target common-rail pressure. 

Fig. 8 is a flowchart of a section of the program 
controlling the ECU in Fig. 1 . 

Fig. 9 is a diagram showing a map for calculat- 
ing a reference output wait interval. 

Fig. 10 is a diagram showing the relation 
among an engine speed, a pump discharge quan- 
tity, and an output wait interval. 

Fig. 1 1 is a flowchart of another section of the 
program controlling the ECU in Fig. 1. 

Fig. 12 is a sectional view of a part of a 
variable discharge high pressure pump in Fig. 1 . 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

With reference to Fig. 1, a common-rail fuel 
injection system 1 for a diesel engine 2 includes 
injectors 3 for injecting fuel into cylinders of the 
engine 2, a common rail 4 for storing high pressure 
fuel to be supplied to the fuel injectors 3, variable 
discharge high pressure pumps 5, and an elec- 
tronic control unit (ECU) 6 for controlling the fuel 
injectors 3 and the variable discharge high pres- 
sure pumps 5. The number of the variable dis- 
charge high pressure pumps 5 is equal to a half of 
the number of cylinders of the engine 2. In the 
embodiment of Fig. 1, the engine 2 has six cyl- 
inders, and there are three variable discharge high 
pressure pumps 5. 

An engine speed sensor 7 and an accelerator 
sensor 8 detect operating conditions of the engine 
2. Specifically, the engine speed sensor 7 detects 
the rotational speed of the crankshaft (the output 
shaft) of the engine 2, that is, the engine speed. 



The accelerator sensor 8 detects the position of an 
accelerator pedal, that is, a required power output 
of the engine 2 (the load on the engine 2). A 
common-rail pressure sensor 9 detects the pres- 
5 sure PC in the common rail 4. 

The ECU 6 is informed of the operating con- 
ditions of the engine 2 by the engine speed sensor 
7 and the accelerator sensor 8, and calculates a 
target common-rail pressure PFIN on the basis of 
10 the operating conditions of the engine 2. The target 
common-rail pressure PFIN is designed so as to 
realize a fuel injection pressure at which the con- 
ditions of burning of fuel in the engine 2 can be 
optimized. The ECU 6 is also informed of the 
75 actual pressure in the common rail 4 by the 
common-rail pressure sensor 9. The ECU 6 con- 
trols the variable discharge high pressure pumps 5 
in response to the actual pressure PC in the com- 
mon rail 4 so that the actual pressure PC can be 
20 maintained at the target common-rail pressure 
PFIN according to feedback control. 

The variable discharge high pressure pumps 5 
draw fuel from a fuel tank 10 via a low pressure 
fuel feed pump 10. pressurizing the fuel and pump- 
25 ing the pressurized fuel into the common rail 4 via 
fuel feed lines 12 in response to control instruc- 
tions from the ECU 6. 

The fuel injectors 3 are connected to the com- 
mon rail 4 via fuel feed lines 13 respectively so 
30 that the fuel injectors 3 receive the fuel of a pres- 
sure equal to the target common-rail pressure from 
the common rail 4. The fuel injectors 3 include 
control solenoid valves 14. The control solenoid 
valves 14 are opened and closed by injector con- 
35 trol instructions from the ECU 6, periodically allow- 
ing and inhibiting the injection of the high pressure 
fuel into the cylinders of the engine 2 via the fuel 
injectors 3. 

The injector control instructions are intended to 

40 adjust the fuel injection rate and the fuel injection 
timing. The injector control instructions are gen- 
erated by the ECU 6 in response to the engine 
operating conditions detected by the engine speed 
sensor 7 and the accelerator sensor 8. 

45 A crank angle sensor 15 detects the angular 

position of the crankshaft of the engine 2. A cyl- 
inder discrimination sensor 16 discriminates be- 
tween the cylinders of the engine 2. The ECU 6 
determines timings of outputting the injector control 

so instructions on the basis of the information de- . 
tected by the crank angle sensor 15 and also the 
information detected by the cylinder discrimination 
sensor 16. In addition, the ECU 6 determines tim- 
ings of outputting the control instructions to the 

55 variable discharge high pressure pumps 5 on the 
basis of the information detected by the crank 
angle sensor 15 and also information detected by a 
cam angle sensor 38 (described later). 
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The variable discharge high pressure pumps 5 
will now be described with reference to Figs. 2, 3, 
and 12. The variable discharge high pressure 
pumps 5 have a common housing 20 and a com- 
mon cylinder body 21. The variable discharge high 5 
pressure pumps 5 are similar in structure,_and a 
detailed description will be given of only one of the 
variable discharge high pressure pumps 5. Each 
variable discharge high pressure pump 5 includes 
a pump housing 20 formed with a cam chamber io 
30. The cam chamber 30 extends in a lower part of 
the pump housing 20. The pump housing 20 has 
an upper end connected to a pump cylinder 21 
formed with a cylinder bore. Low pressure fuel is 
fed from the low pressure fuel feed pump 11 (see 75 
Fig. 1) to the variable discharge high pressure 
pump 5 via a fuel inlet pipe 22 connected to the 
pump housing 20. A solenoid valve 60 is screwed 
to the top of the pump cylinder 21, and disposed in 
alignment with the cylinder bore. 20 

A plunger 23 is slidably disposed in the bore of 
the pump cylinder 21. The plunger 23 has an 
upper end face which defines a pumping chamber 
24 in conjunction with the inner circumferential 
surface of the cylinder bore. The pumping chamber 25 
24 contracts and expands as the plunger 23 moves 
upward and downward respectively. The pump cyl- 
inder 21 has a fuel discharge port 41 which extend 
from the pumping chamber 24 to the fuel feed line 
12 (see Fig. 1) leading to the common rail 4 (see 30 
Fig. 1). 

A fuel chamber 26 is defined between the 
pump housing 20 and the pump cylinder 21. The 
low pressure fuel flows through the fuel inlet pipe 
22, and then enters the fuel chamber 26. The fuel 35 
chamber 26 serves as a reservoir for receiving fuel 
which is spilled or returned from the pumping 
chamber 24. 

The fuel discharge port 41 extends to an outlet 
45 via a check valve 42. Fuel pressurized in the 40 
pumping chamber 24 by the upward movement of 
the associated plunger 23 forces a valve member 
43 of the check valve 42 from its closed position 
against the force of a return spring 44 and the 
common rail pressure. When the valve member 43 45 
of the check valve 42 separates from the closed 
position, the pressurized fuel flows into the com- 
mon rail 4 (see Fig. 1) via the outlet 45 and the fuel 
feed line 12. 

The lower end of the plunger 23 is connected 50 
to a spring retainer 35 which is urged by a return 
spring 27 against a slidable tappet 34 provided with 
a cam roller 33. A cam shaft 31 is accommodated 
in the cam chamber 30. The cam shaft 31 is 
coupled to the crankshaft of the engine 2 (see Fig. 55 
1) via a suitable mechanism so that the cam shaft 
31 will rotate at a speed equal to a half of the 
rotational speed of the engine 2. A cam 32 in 



contact with the cam roller 33 is mounted on the 
cam shaft 31. The combination of the cam 32, the 
cam roller 33, and the tappet 34 allows the plunger 
23 to be reciprocated in the up-down direction 
according to the rotation of the cam shaft 31. 
Downward movement of the plunger 23 is enabled 
by the force of the return spring 27. The char- 
acteristics of movement of the plunger 23 are de- 
termined by the cam profile of the cam 32. 

The bottom dead center of each plunger 23 is 
now defined as corresponding to a cam angle of 0 
degree. The cam 32 is of approximately an ellipsoi- 
dal shape in cross section, having a concave cir- 
cumferential surface 32c and a convex surface 32d. 
The concave circumferential surface 32c extends in 
a range corresponding to a cam angle range from 
0 degree to about 30 degrees. The concave cir- 
cumferential surface 32c has a predetermined ra- 
dius R1 of curvature. In addition, the cam profile of 
the cam 32 is designed so that the plunger 23 
reaches its top dead center at a cam angle of 90 
degrees. 

The solenoid valve 60 has a valve member 62 
operative to block and unblock a low pressure 
passage 61 extending to the pumping chamber 24. 
The low pressure passage 61 communicates with 
the fuel chamber 26 via a gallery 63 and a passage 
64. The solenoid valve 60 is of the normally open 
type. In addition, the valve member 62 is of the 
outwardly-open type, and is designed so that it will 
be urged by the pressure in the pumping chamber 
24 toward its closed position. When the solenoid 
valve 60 is in its normal state, that is, when the 
solenoid valve 60 is de-energized, the valve mem- 
ber 62 is separated from its valve seat by the force 
of a spring 65 (see Fig. 1 2) so that the low pres- 
sure passage 61 is unblocked. When the solenoid 
valve 60 is energized, the valve member 62 is 
moved against the force of the spring 65 and is 
seated on its valve seat so that the low pressure 
passage 61 is blocked. The pressure of the fuel in 
the pumping chamber 24 exerts a force on the 
valve member 62 which urges the valve member 
62 toward its closed position. Thus, the sealing 
characteristics of the solenoid valve 60 in the 
closed position increase as the fuel pressure rises. 

As the plunger 23 is moved downward, the low 
pressure fuel is drawn into the pumping chamber 
24 from the fuel chamber 26 via the solenoid valve 
60. It should be noted that the solenoid valve 60 is 
open during the downward movement of the plung- 
er 23. Under conditions where the solenoid valve 
60 remains deenergized, that is, under conditions 
where the solenoid valve 60 remains open, as the 
plunger 23 is moved upward, the fuel is spilled or 
returned from the pumping chamber 24 to the fuel 
chamber 26 via the low pressure passage 61, the 
gallery 63, and the passage 64 so that pressurizing 
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the fuel in the pumping chamber 24 is substantially 
absent. 

During the upward movement of the plunger 
23, when the solenoid valve 60 is energized, the 
valve member 62 of the solenoid valve 60 blocks 
the low pressure passage 61 so that the„spill or 
return of the fuel from the pumping chamber 24 
toward the fuel chamber 26 is inhibited and thus 
the fuel in the pumping chamber 24 starts to be 
pressurized. When the fuel pressure applied to the 
upstream side of the valve member 43 of the 
check valve 42 overcomes the sum of the force of 
the return spring 44 and the pressure in the com- 
mon rail 4 which act on the downstream side of the 
valve member 43, the check valve 42 is opened so 
that the high pressure fuel is driven from the 
pumping chamber 24 to the common rail 4 via the 
fuel discharge port*41, the outlet 45, and the fuel 
feed line 12 (see Fig. 1). 

As described previously, the number of the 
variable discharge high pressure pumps 5 is equal 
to a half of the number of the cylinders of the 
engine 2. In this embodiment, there are three vari- 
able discharge high pressure pumps 5. As shown 
in Fig. 3, a timing gear 36 is provided on the cam 
shaft 31. In addition, the variable discharge high 
pressure pumps 5 are provided on the cam shaft 
31. In Fig. 3, only two of the variable discharge 
high pressure pumps are shown as being denoted 
by the reference characters 5a and 5b. Members 
denoted by the reference numerals followed by the 
reference characters "a" or n b" in Fig. 3 are similar 
in structure to the members of Fig. 2 which are 
denoted by the corresponding reference numerals 
without being followed by the reference characters 
"a" or "b". Accordingly, the details of the structure 
of the members in Fig. 3 can be understood by 
referring to Fig. 2. 

The timing gear 36 has radially outward projec- 
tions 37, the number of which is equal to the 
number of the cylinders of the engine 2. In this 
embodiment, there are six projections 37. The pro- 
jections 37 are spaced at equal angular intervals. A 
cam angle sensor 38 including an electromagnetic 
pickup is provided radially outward of the timing 
gear 36. During the rotation of the timing gear 36, 
the cam angle sensor 38 senses the projections 37 
on the timing gear 36, outputting a signal repre- 
senting timings at which the plungers 23a, 23b, ... 
of the variable discharge high pressure pumps 5a, 
5b, ... start to move upward, that is, timings at 
which the plungers 23a, 23b, ... of the variable 
discharge high pressure pumps 5a, 5b, ... reach 
bottom dead centers. The output timing signal from 
the cam angle sensor 38 is fed to the ECU 6. 

The ECU 6 outputs electric drive pulses to the 
solenoid valves 60a, 60b, ... in response to the 
timing signal fed from the cam angle sensor 38. 



The output timing signal from the cam angle sen- 
sor 38 includes a reference pulse (see Fig 4) which 
occurs at a moment corresponding to the bottom 
dead center of a plunger 23 of one of the variable 
5 discharge high pressure pumps 5. As shown in Fig. 
4, an electric drive pulse is outputted from the ECU 
6 to a solenoid valve 60 at a moment which follows 
the moment of the occurrence of the reference 
pulse by an output wait interval TF. The solenoid 
70 valve 60 is energized by the drive pulse, being 
closed. As shown in Fig. 4, the rate of increases in 
the drive current through the solenoid valve 60 is 
limited, and there is a time lag (a valve closing 
delay) TC between the moment of the occurrence 
is of the leading edge of the drive pulse and the 
moment of the occurrence of movement of the 
valve member 62 of the solenoid valve 60 into its 
closed position. Then, upward movement of the-*- 
plunger 23 of a variable discharge high pressure 
20 pump 5 increases the pressure in the pumping 
chamber 24. The increased pressure in the pump- 
ing chamber 24 serves to hold the valve member 
62 in its closed position. As shown in Fig. 4, after a 
given short period TON elapses since the moment 
25 of the occurrence of the leading edge of the drive 
pulse, the drive pulse is ended and removed to 
save electric power. It should be noted that the 
valve member 62 is held in its closed position by 
the increased pressure in the pumping chamber 24 
30 after the drive pulse is removed. 

The period between the moment of closing the 
solenoid valve 60 and a moment corresponding to 
the top dead center of the plunger 23 is equal to 
the interval of pressurizing the fuel in the pumping 
35 chamber 24. During the fuel pressurizing interval, 
the amount of fuel which is proportional to the area 
of the hatched part of Fig. 4 is pumped from the 
pumping chamber 23 toward the common rail 4. As 
the timing of outputting the drive pulse is earlier, a 
40 larger amount of fuel is pumped to the common rail 
4. As the timing of outputting the drive pulse is 
retarded, a smaller amount of fuel is pumped to the 
common rail 4. Thus, the pressure in the common 
rail 4 can be adjusted in accordance with the 
45 timing of outputting the drive pulse, that is, in 
accordance with the output wait time TF. 

The ECU 6 includes a microcomputer having a 
combination of a CPU, a ROM, a RAM, and an I/O 
port. The ECU 6 operates in accordance with a 
so program stored in the ROM. The program has a 
main routine which is periodically reiterated. Fig. 5 
is a flowchart of the main routine of the program. 

As shown in Fig. 5, the main routine of the 
program starts at a step SI which calculates the 
55 current engine speed Ne on the basis of the output 
signal from the engine speed sensor 7. A step S2 
following the step S1 executes the analog-to-digital 
conversion of the output signal from the accelerator 

5 
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sensor 8, and derives the current degree Accp of 
depression of the accelerator pedal. Specifically, 
the I/O port within the ECU 6 includes an analog-to- 
digital converter processing the output signal from 
the accelerator sensor 8, and the step S2 executes 
the analog-to-digital conversion by using_ this 
analog-to-digital converter. The current accelerator 
depression degree Accp is represented by a per- 
centage (%) with respect to the maximum accel- 
erator depression degree. 

A step S3 following the step S2 determines a 
target fuel injection quantity QFIN on the basis of 
the current engine speed Ne and the current accel- 
erator depression degree Accp. Specifically, the 
ROM within the ECU 6 holds a map such as shown 
in Fig. 6 where values of the target fuel injection 
quantity are plotted as a function of the engine 
speed ancMhe accelerator depression degree. The 
target fuel injection quantity QFIN is determined by 
referring to the map of Fig. 6. The step S3 stores 
the determined target fuel injection quantity QFIN 
into the RAM within the ECU 6. 

A step S4 following the step S3 determines a 
target common-rail pressure PFIN on the basis of 
the current engine speed Ne and the current accel- 
erator depression degree Accp. Specifically, the 
ROM within the ECU 6 holds a map such as shown 
in Fig. 7 where values of the target common-rail 
pressure are plotted as a function of the engine 
speed and the accelerator depression degree. The 
target common-rail pressure PFIN is determined by 
referring to the map of Fig. 7. The step S4 stores 
the determined target common-rail pressure PFIN 
into the RAM within the ECU 6. Alter the step S4, 
the current execution cycle of the main routine 
ends. 

The program for controlling the ECU 6 has a 
section which is started by an interruption process 
responsive to the output signal from the cam angle 
sensor 38 or the output signal from the crank angle 
sensor 15. Specifically, this section of the program 
is executed in synchronism with the compression 
strokes of the cylinders of the engine 2. Fig. 8 is a 
flowchart of this section of the program. 

As shown in Fig. 8, this section of the program 
starts at a step S11 which reads out the target 
common-rail pressure PFIN from the RAM within 
the ECU 6. A step S12 following the step S11 
reads out the target fuel injection quantity QFIN 
from the RAM within the ECU6. 

A step S13 following the step Si 2 determines 
a reference value TFBASE of a drive-pulse wait 
interval (a reference output wait interval TFBASE) 
on the basis of the target common-rail pressure 
PFIN and the target fuel injection quantity QFIN. 
Specifically, the ROM within the ECU 6 holds a 
map such as shown in Fig. 9 where values of the 
reference output wait interval are plotted as a func- 



tion of the target common-rail pressure and the 
target fuel injection quantity. The reference output 
wait interval TFBASE is determined by referring to 
the map of Fig. 9. 
s A step S14 following the step S13 executes the 

analog-to-digital conversion of the output signal 
from the common-rail pressure sensor 9, and de- 
rives the actual common-rail pressure PC. Specifi- 
cally, the I/O port within the ECU 6 includes an 
io analog-to-digital converter processing the output 
signal from the common-rail pressure sensor 9, 
and the step S14 executes the analog-to-digital 
conversion by using this analog-to-digital converter. 
A step S15 following the step S14 calculates 
75 the difference AP between the actual common-rail 
pressure PC and the target common-rail pressure 
PFIN by referring to the equation M AP = PC - 
PFIN". The step S15 calculates a 'corrective value 
TFFB on the basis of the pressure difference AP. 
20 The corrective value TFFB is designed so as to 
correct the reference output wait interval TFBASE. 
The calculation of the corrective value TFFB is 
done according to a PID-control technique. 

A step S16 following the step S15 calculates a 
25 final output wait interval TF from the reference 
output wait interval TFBASE and the corrective 
value TFFB by referring to the equation "TF = 
TFBASE + TFFB". The step S16 stores the cal- 
culated final output wait interval TF into the RAM 
30 within the ECU 6. Alter the step S16, the program 
returns to the main routine. 

The program for controlling the ECU 6 has 
another section which is started by an interruption 
process responsive to the output signal from the 
35 cam angle sensor 38 or the output signal from the 
crank angle sensor 1 5^ Specifically, this section of 
the program is executed in synchronism with the 
compression strokes of the cylinders of the engine 
2. Fig. 11 is a flowchart of this section of the 
40 program. 

As shown in Fig. 11, this section of the pro- 
gram starts at a step S21 which reads out the 
current engine speed Ne from the RAM within the 
ECU 6. A step S22 following the step S21 com- 
45 pares the current engine speed Ne with an over- 
running reference speed Neo. When the current 
engine speed Ne is lower than the overrunning 
reference speed Neo, that is, when the engine 2 is 
not overrunning, the program advances from the 
so step S22 to a step S23. When the current engine 
speed Ne is equal to or higher than the overrun- 
ning reference speed Neo, that is, when the engine 
2 is overrunning, the program advances from the 
step S22 to a step S25. 
55 The step S23 reads out the final output wait 

interval TF from the RAM within the ECU 6. A step 
S24 following the step S23 executes an outputting 
process by which a drive pulse of a given duration 
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is outputted to a solenoid valve 60 at a timing 
depending on the final output wait interval TF. 
Specifically, the timing of outputting the drive pulse 
follows the timing of the movement of the plunger 
23 of a variable discharge high pressure pump 5 
into the bottom dead, center by a period equal to 
the final output wait interval TF. After the step S24, 
the program returns to the main routine. 

The step S25 compares the current engine 
speed Ne with a self-closing limit speed Nes higher 
than the overrunning reference speed Neo. When 
the current engine speed Ne is lower than the self- 
closing limit speed Nes, the program advances 
from the step S25 to a step S26. When the current 
engine speed Ne is equal to or higher than the 
self-closing limit speed Nes, the program advances 
from the step S25 to a step S27. 

The step S26 continuously de-energizes the 
solenoid valve 60 in order to hold the solenoid 
valve 60 open independent of the final output wait 
interval TF. After the step S26, the program returns 
to the main routine. 

The step S27 continuously energizes the sole- 
noid valve 60 in order to hold the solenoid valve 60 
closed independent of the final output wait interval 
TF. After the step S27, the program returns to the 
main routine. 

In order to prevent the engine 2 from overrun- 
ning, the fuel injection into the cylinders of the 
engine 2 is suspended at an engine speed equal to 
or higher than the lower limit Neo of an overrunning 
engine speed range. The overrunning limit speed 
Neo is generally equal to about 3,000 rpm. At an 
engine speed in the overrunning engine speed 
range, pumping fuel into the common rail 4 is 
suspended to prevent an excessive increase in the 
pressure in the common rail 4. The suspension of 
the fuel supply to the common rail 4 is generally 
executed by holding the solenoid valves 60 open. 

In a prior art common-rail fuel injection system 
for a diesel engine, at high engine speeds, plung- 
ers of variable discharge high pressure pumps 
move up and down at high speeds so that valve 
members of solenoid valves (corresponding to the 
solenoid valves 60 of the embodiment of this inven- 
tion) tend to be forced upward into their closed 
positions by the inertia of fuel in pumping cham- 
bers of the high pressure pumps. The lower limit of 
an engine speed range where such a valve self- 
closing phenomenon occurs is defined as a self- 
closing limit speed Nes equal to about 4,000 rpm. 
Thus, in the prior art common-rail fuel injection 
system, as shown in the hatched part of Fig. 10, 
the fuel supply to the common rail tends to be 
caused by valve self-closing at an engine speed 
higher than the self-closing limit speed Nes. 

Such a problem of the prior art common-rail 
fuel injection system is prevented in the embodi- 



ment of this invention as will be explained 
hereinafter. In the embodiment of this invention, 
when the current engine speed Ne is lower than 
the overrunning reference speed Neo, each sole- 
5 noid valve 60 is controlled in response to the final 
output wait interval TF by the step S24 of Fig. 1 1 
and thus the feedback control of the common-rail 
pressure is executed so that the actual pressure in 
the common rail 4 can be maintained at the target 

io common-rail pressure PFIN. The target common- 
rail pressure PFIN is designed so as to realize 
suitable fuel injection into the cylinders of the en- 
gine 2 in response to the operating conditions of 
the engine 2 such as the engine speed Ne and the 

76 accelerator depression degree Accp. In the em- 
bodiment of this invention, when the current engine 
speed Ne lies between the overrunning reference 
speed Neo and the self-closing limit speed Nes. 
each solenoid valve 60 is held continuously de- 

20 energized by the step S26 of Fig. 11 so that the 
solenoid valve 60 remains open. Thus, in this case, 
the fuel supply to the common rail 4 from the 
pumping chamber 24 of each variable discharge 
high pressure pump 5 remains suspended. The 

25 fuel injection into the cylinders of the engine 2 is 
interrupted at an engine speed equal to or higher 
than the overrunning reference speed Neo. and the 
suspension of the fuel supply to the common rail 4 
prevents an excessive increase in the pressure in 

30 the common rail 4 at such an engine speed. In the 
embodiment of this invention, when the current 
engine speed Ne is equal to or higher than the 
self-closing limit speed Nes, each solenoid valve 
60 is held continuously energized by the step S27 

35 of Rg. 11 so that the solenoid valve 60 remains 
closed. Thus, in this ..case, the fuel feed into each 
pumping chamber 24 from the fuel chamber 26 
according to the downward movement of the plung- 
er 23 remains inhibited, and then further fuel sup- 

40 ply to the common rail 4 from each pumping 
chamber 24 remains suspended. The suspension 
of the fuel supply to the common rail 4 prevents an 
excessive increase in the pressure in the common 
rail 4. 

45 It should be noted that the embodiment of this 

invention may be modified in various ways. For 
example, according to a first modification, when the 
current engine speed Ne is equal to or higher than 
the self-closing limit speed Nes, a low pressure 

so fuel feed pump 11 is deactivated instead of con- 
tinuously closing solenoid valves 60. A second 
modification includes passages for feeding fuel to 
pumping chambers 24, passages for returning fuel 
from the pumping chambers 24 which are separate 

55 from the fuel feed passages, and fuel feed control 
valves for blocking and unblocking the fuel feed 
passages. In the second modification, when the 
current engine speed Ne is equal to or higher than 

7 
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the self-closing limit speed Nes, the fuel feed con- 
trol valves are closed instead of continuously clos- 
ing solenoid valves 60. In a third modification, 
energizing each solenoid valve 60 continuously is 
executed at engine speeds, the lower limit of which 5 
is smaller than the self-closing limit speed Nes and 
is equal to, for example, the overrunning reference 
speed Neo. 

Claims 70 

1- A common-rail fuel injection system for an 
engine, comprising: 

fuel injection means for injecting high 
pressure fuel from a common rail into the 75 
engine; 

a pumping chamber connected to the 
common rail; 

fuel feed means for feeding fuel to the 
pumping chamber; 20 

a plunger moving upward and downward in 
accordance with rotation of an output shaft of 
the engine and defining a part of the pumping 
chamber; 

a relief valve for selectively returning fuel 25 
from the pumping chamber to a low pressure 
side via a fuel return passage, the relief valve 
being urged toward its closed position by a 
pressure of the fuel in the pumping chamber; 

valve closing means for closing the relief 30 
valve; 

fuel pumping control means for driving and 
controlling the valve closing means at a given, 
timing to close the relief valve, thereby for 
enabling a pressure in the pumping chamber 35 
to increase in accordance with upward move- 
ment of the plunger, and for pumping a given 
amount of fuel from the pumping chamber to 
the common rail; 

engine speed detecting means for detect- 40 
ing a rotational speed of the output shaft of the 
engine; and 

fuel feed suspending means for, in cases 
where an engine rotational speed detected by 
the engine speed detecting means is equal to 45 
or higher than a predetermined reference 
speed, suspending fuel feed to the pumping 
chamber by the fuel feed means. 



plunger and be thus pumped from the pump- 
ing chamber to the common rail. 

4. The common-rail fuel injection system of claim 
1, wherein said engine comprises a diesel en- 
gine. 

5. A common-rail fuel injection system for an 
engine, comprising: 

a common rail; 

means for injecting fuel into the engine 
from the common rail; 

means for pumping fuel into the common 

rail; 

means for feeding fuel to the pumping 
means; 

means for detecting a rotational speed of 
the engine; 

means for comparing the detected rota- 
tional speed of the engine with a predeter- 
mined reference speed; and 

means for disabling the feeding means in 
response to a result of said comparing by the 
comparing means. 

6. The common-rail fuel injection system of claim 
5, wherein the disabling means comprises 
means for disabling the feeding means when 
the detected engine speed is equal to or high- 
er than the predetermined reference speed. 

7. The common-rail fuel injection system of claim 
5, wherein said engine comprises a diesel en- 
gine. 



2. The common-rail fuel injection system of claim 50 
1, wherein the relief valve is of a normally- 
open type, and selectively blocks and unblocks 

the fuel return passage. 

3. The common-rail fuel injection system of claim 55 
1, further comprising means for, when the re- 
lief valve is closed, enabling the fuel to be 
pressurized by the upward movement of the 
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© Common-rail fuel injection system for an engine. 

® A common-rail fuel injection system (1) for an 
engine (2) includes a fuel injection device for inject- 
ing high pressure fuel from a common rail (4) into 
the engine (2). A pumping chamber is connected to 
the common rail (4). A fuel feed device serves to 
feed fuel to the pumping chamber. A plunger moves 
upward and downward in accordance with rotation of 
an output shaft of the engine (2). The plunger de- 
fines a part of the pumping chamber. A relief valve 
serves to selectively return fuel from the pumping 
chamber to a low pressure side via a fuel return 
passage. The relief valve is urged toward its closed 
position by a pressure of the fuel in the pumping 
chamber. A valve closing device serves to close the 
relief valve. A fuel pumping control device (6) serves 
to drive and control the valve closing device at a 
given timing to close the relief valve, thereby en- 
abling a pressure in the pumping chamber to in- 
crease in accordance with upward movement of the 
plunger and pumping a given amount of fuel from 
the pumping chamber to the common rail (4). An 
engine speed detecting device (7) serves to detect a 
rotational speed of the output shaft of the engine (2). 
In cases where an engine rotational speed detected 
by the engine speed detecting means (7) is equal to 
or higher than a predetermined reference speed, a 



fuel feed suspending device serves to suspend fuel 
feed to the pumping chamber by the fuel feed 
means. 
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